Development of the dry tape battery concept  quarterly report no. 1, 24 jan. - 30 apr. 1964 by Klunder, K. W. et al.
GPO PRICE $ 
~ CFSTI PRICE(S) $ 
Hard copy (HC) 
Microfiche (MF) 
ff 653 July65 
B O S T O N  
L A B O R A T O R Y  
1.: v E ii I!: T T , hi A s Y A c; 11 u s  E T  T s o :: 1 4 9  
https://ntrs.nasa.gov/search.jsp?R=19650025500 2020-03-17T01:11:29+00:00Z
Q u a r t e r l y  Repor t  No. 1 
DEVELOPMENT OF THE DRY TAPE BATTERY CONCEPT 
24 January  t o  30 A p r i l  1964 
Con t rac t  No. NAS3-4168 
20 May 1964 
MRC Report  No. MRB5OO6Ql 
NASA Repor t  No.' CR-54076 
t 
N a t i o n a l  Aeronaut ics  and Space Admin i s t r a t ion  
Lewis Research Center  
Cleveland, Ohio 
Authors 
Bernard A .  Gruber, P r o j e c t  Leader 
Joseph J .  Byrne 
Ralph Kafes j i a n  
K u r t  W .  Klunder 
Theodore J .  Wolanski 
L o u i s  I .  Z i r i n  
Techn ica l  Management 
NASA - Lewis Research Center  
W .  J .  Nagle 
I Space Power Div i s ion  
MONSANTO RESEARCH CORPORATION 
BOSTON LABORATORIES 
E v e r e t t ,  Massachuset ts ,  02149 
Telephone: 617-389-0480 
I NOTICES 
This report was prepared as an account of Government-sponsored work. 
Neither the United States nor the National Aeronautics and Space 
Administration (NASA), nor any person acting on behalf of NASA: 
I 
A) Makes any warranty or representation, expressed or 
I implied, with respect to the accuracy, completeness, or 
usefulness of the information contained in this report, 
or that the use of any information, apparatus, method, 
or process disclosed in this report may not infringe 
privately-owned rights; or 
B) Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any information, 
apparatus, method or process disclosed in this report. 
As used above, "person acting on behalf of NASA" includes any employee 
or contractor of NASA, or employee of such contractor, to the extent 
that such employee or contractor of NASA, or employee of such con- 
tractor prepares, disseminates, or provides access to any information 
pursuant to his employment or contract with NASA, or his employment 
I with such contractor. 
I Dissemination outside the contracting government agency or to re- 
, cipients other than Government defense contractors not authorized. 
I 
Request f o r  copies of this report should be referred to: 
National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Washington, D .C . , 20025 
Attention: AFSS-A 
8 MONSANTO RESEARCH CORPORATION 0 
ABSTRACT 
Expanded magnesium, g i v i n g  a c u r r e n t  d e n s i t y  of 1 amp/in.2 a t  
a p o l a r i z a t i o n  of 0 . 2  v o l t ,  has been t e n t a t i v e l y  s e l e c t e d  a s  t h e  
bes t  anode f o r  combined t a p e  c o n s t r u c t i o n .  Anode development 
was c o n c e n t r a t e d  on t h e  use  of magnesium o r  aluminum f o i l ,  
p r e s s e d  powder, and sprayed  m e t a l  forms .  Although aluminum has 
a h i g h e r  t h e o r e t i c a l  energy d e n s i t y  t h a n  magnesium, t he  l a t t e r  
wasechosen  because of i t s  h i g h e r  p o t e n t i a l  and g r e a t e r  e a s e  of 
s t a r t i n g .  Cons iderable  hydrogen e v o l u t i o n  from t h e  r e a c t i o n  of 
s t r u c t u r e s ,  e . g . ,  expanded me ta l ,  f o r  gas removal .  
.magnesium w i t h  e l e c t r o l y t e  n e c e s s i t a t e d  t h e  s e l e c t i o n  of open 
The p r e f e r r e d  method f o r  e l e c t r o l y t e  supply  i s  a cont inuous  f e e d  
of macroca s u l e s .  Encapsu la t ions  o f  water i n  t h i n  f i l m s  of 
FEP T e f l o r b ,  A c l a f i ,  o r  aluminum-MylaD l amina te  a r e  b e i n g  t e s t e d .  
I n i t i a l  payloads  of g r e a t e r  t h a n  80% have been ob ta ined ,  and a 
60% pay load  a f t e r  t h r e e  y e a r s  appea r s  t o  be p o s s i b l e .  T h e o r e t i -  
tal e l e c t r o c h e m i c a l  r equ i r emen t s  f o r  e l e c t r o l y t e  a r e  f a r  l ess  
t h a n  t h e  amount r e q u i r e d  f o r  t h e  complete w e t t i n g  n e c e s s a r y  f o r  
e f f i c i e n t  d i s c h a r g e ,  and methods o f  m a i n t a i n i n g  a l o c a l  e x c e s s  of 
e l e c t r o l y t e  a t  t h e  d i s c h a r g e  area a re  be ing  i n v e s t i g a t e d .  
_- 
The o r g a n i c  o x i d i z e r ,  2,4,6-trichloro-triazine-trione, has been 
t e n t a t i v e l y  s e l e c t e d  a s  t h e  cathode a c t i v e  m a t e r i a l  f o r  t h e  
complete  t a p e  system because of i t s  h igh  d i scha rge  r a t e .  E f -  
f i c i e n t ,  h igh- ra te  d i s c h a r g e  o f  meta-d in i t robenzene  has n o t  been 
ach ieved .  
S e v e r a l  l i g h t w e i g h t ,  low-vol tage motors have been t e s t e d  f o r  running  
t h e  d r y  tape  mechanism by p a r a s i t i c  power. These motors p rov ide  
30 o z - i n .  of t o r q u e  and consume 150 t o  200 m i l l i w a t t s  a t  11 t o  15% 
e f f i c i e n c y .  P a r a s i t i c  o p e r a t i o n ,  w i t h  t h e  d r i v e  motor consuming 
abou t  10% of t h e  ou tpu t  power, (15% motor e f f i c i e n c y )  was achieved  
by combining t h r e e  s i l v e r  peroxide  t a p e s ,  connected i n  ser ies ,  
w i t h  a motor and a v a r i a b l e  speed t r a n s m i s s i o n .  A major improve- 
ment i s  p o s s i b l e  i f  a more e f f i c i e n t  motor can be o b t a i n e d .  * 
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I .  INTRODUCTION 
T h i s  work i s  a c o n t i n u a t i o n  of w o r k  performed under  Conkract NAS 3-2777. 
During t h a t  program t h e  f e a s i b i l i t y  o f  t h e  Dry Tape Concept was demon- 
s t r a t e d  u s i n g  a d i v a l e n t  s i l v e r  oxide-coated,  porous  polypropylene  t a p e  
t h a t  was drawn between two c u r r e n t  c o l l e c t o r s .  One o f  t h e s e  c u r r e n t  
c o l l e c t o r s  c o n s i s t e d  of a z i n c  b lock  t h a t  a l s o  se rved  a s  t h e  anode. 
The o t h e r  was a s i l v e r  p l a t e  t h a t  con tac t ed  t h e  s i l v e r  ox ide  coat , ing.  
E l e c t r o l y t e  was s Q p p l i e d  by a second t a p e  p rewe t t ed  w i t h  e l e c t r o l y t e  
a n d ' s t o r e d  s e p a r a t e l y (  "dua l  t a p e "  s y s t e m )  . The system was a c t i v a t e d  
by b r i n g i n g  t h e  two t a p e s  t o g e t h e r  just p r i o r  t o  t h e  c u r r e n t  c o l l e c t o r s ,  
' t h e  d i v a l e n t  s i l v e r  ox ide-coa ted  t ape  be ing  wet by t h e  e l e c t r o l y t e  t a p e .  
The t a p e s  were d r i v e n  by a spring-wound motor con ta ined  i n  a s e p a r a t e  
hous ing .  Also w i t h i n  t h i s  hous ing  was a meter ing  and load  s e c t i o n .  
Four s u c h  d r i v e  hous ings  t o g e t h e r  w i t h  20 t a p e  decks  were s u p p l i e d  t o  
NASA f o r  demons t r a t ion .  
I n  cont inuous  o p e r a t i o n ,  s i l v e r  peroxide  u t i l i z a t i o n s  of ove r  90% were 
o b t a i n e d  a t  c u r r e n t  d e n s i t i e s  of  1 ampere p e r  s q u a r e  i n c h .  
While c o n t r a c t  NAS 3-2777 was s u c c e s s f u l  i n  a l l  o f  i t s  o b j e c t i v e s ,  t h e  
major one o f  which was t o  prove t h e  f e a s i b i l i t y  of t h e  concept ,  t h e  
cho ice  of t he  s i l v e r  peroxide /z inc  couple  and t h e  use  of a spring-wound 
d r i v e  were conveniences .  The l a t t e r  provided  a r e l i a b l e  method for 
d r i v i n g  t h e  t a p e s  bu t  d i d  n o t  provide  f o r  p a r a s i t i c  o p e r a t i o n .  The 
former a l lowed u s  t o  compare o u r  r e s u l t s  w i t h  a n  e s t a b l i s h e d  b a t t e r y  
sys tem.  
The p r e s e n t  program i s  aimed a t  developing t h e  f o l l o w i n g :  
1. Methods of e f f i c i e n t l y  u t i l i z i n g  high energy anodes and ca thodes  
on t a p e s .  
2 .  A method of i n c o r p o r a t i n g  a h igh  energy coup le  i n t o  a s i n g l e  t a p e  
c o n f i g u r a t i o n .  
3 .  Methods of e l e c t r o l y t e  e n c a p s u l a t i o n  and t a p e  a c t i v a t i o n .  
4 .  A weight -opt imized  t a p e  convers ion  dev ice  c a p a b l e  o f  supply ing  
i t s  own power f o r  una t tended ,  s t o p - s t a r t  o p e r a t i o n .  
5 .  Methods of supp ly ing  m u l t i p l e  c e l l  v o l t a g e s  from t h e  d r y  t a p e  
sys t em.  
The s u c c e s s f u l  a t t a i n m e n t  of t h e  above o b j e c t i v e s  w i l l  have two i m -  
p o r t a n t  advan tages .  F i r s t ,  ve ry  high energy d e n s i t y  materials t h a t  
normal ly  must be  used i n  r e s e r v e  type c e l l s  where t h e  e n t i r e  system 
i s  a c t i v a t e d  a t  once w i l l  be u s a b l e  i n  s t o p - s t a r t  o p e r a t i o n .  
a p p l y i n g  t h e s e  couples  to t a p e  we w i l l  be a b l e  to a c t i v a t e  t h e  t a p e  a t  
By '  
1. 
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a r a t e  d i c t a t e d  by t h e  load  demand. Second, for t h o s e  h i g h  energy 
coup les  t h a t  a r e  mass t r a n s p o r t -  o r  d i f f u s i o n - l i m i t e d  i n  pr imary 
b a t t e r y  c o n f i g u r a t i o n s ,  w e  w i l l  b e  a b l e  t o  o p e r a t e  con t inuous ly  
n e a r  the  f l a s h  c u r r e n t  d i scha rge  r a t e .  T h i s  a l lows  u s  t o  make a h igh  
energy,  low r a t e  system i n t o  a h i g h  energy,  h i g h  r a t e  system. 
2 .  
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11. PHASE 1 - SINGLE COMPONENT CONFIGURATION DEVELOPMENT 
1 A .  ANODE DEVELOPMENT 
1 1' P r e p a r a t i o n  
' The o b j e c t i v e  of t h i s  p o r t i o n  of t h e  program i s  t h e  development of t a p e  
I anodes u s i n g  l i t h i u m ,  magnesium, or aluminum a s  t he  a c t i v e  e l emen t .  
i s i d e r i n g  p r e s e n t  technology l e v e l s ,  major emphasis i s  be ing  p l aced  on 
t h e  l a t t e r  two m a t e r i a l s .  These a r e  a t t r a c t i v e  s i n c e  t h e y  o f f e r  h igh  
e n e r g y . d e n s i t i e s .  They have n o t  been u s e d  e x t e n s i v e l y  i n  conven t iona l  
systems due  t o  t h e  c o m p l i c a t i n g  f a c t o r s  of anode c o r r o s i o n  and poor  
~ b a t t e r y  s h e l f  l i f e .  However, t h e  s h o r t  p e r i o d  of t i m e  between a c t i v a t i o n ,  
I d i s c h a r g e ,  and removal of  any s e c t i o n  of a t a p e  e l e c t r o d e  minimizes t h e s e  
I d i f f i c u l t i e s  and should  p rov ide  ample freedom t o  overcome t h e  se l f - imposed  
d e s i g n  c r i t e r i a  of ex t remely  h i g h  c u r r e n t  d e n s i t y  o p e r a t i o n .  Anode j c o n f i g u r a t i o n  and e l e c t r o l y t e  s u i t a b i l i t y  f o r  A1 and Mg have been s t u d i e d  
i n  t h e  p r e s e n t  e f f o r t  i n  t h i s  phase .  ' For a dry  t a p e  a p p l i c a t i o n ,  we have s t u d i e d  t h r e e  anode fo rms :  (1) a 
s o l i d  o r  f o i l  t ype ,  ( 2 )  a porous powder composi t ion,  and ( 3 )  a f lame- 
l sprayed  m e t a l  on a t a p e  back ing .  In  t h e  samples t es ted ,  t h e  f o i l  was 
o b t a i n e d  commercial ly ,  t h e  flame sp ray ing  was done by a l o c a l  vendor,  
1 and t h e  porous  powder e l e c t r o d e s  were manufactured u s i n g  a d i e  mold of 
t h e  t y p e  shown i n  F i g u r e  1. I n  t h e  l a t t e r  c a s e ,  t he  composi t ion powders 
were approximate ly  20 to 100 mesh i n  s i z e  and t h e  f i n a l  e l e c t r o d e s  
averaged  30% to 40% vo id  volume. Dimensions o f  a l l  t e s t  e l e c t r o d e s  were 
e i t h e r  1 i n .  x 1 i n .  o r  1 i n .  x 3 i n . ,  t h e  l a t t e r  be ing  t h e  s i z e  of t h e  
d i e  m o l d .  
Con- 
1 
I 2 .  T e s t i n g  
A s  t h e  i n v e s t i g a t i o n  p rogres sed  from the  f o i l s  to t h e  sprayed  and 
p r e s s e d  powder samples,  t h e  t e s t i n g  methods were v a r i e d  among t h e  th ree  
c o n f i g u r a t i o n s  shown s c h e m a t i c a l l y  i n  F i g u r e  2 .  I n i t i a l l y ,  t h e  "open" 
c e l l  was used t o  t e s t  t h e  f o i l  fo rms  i n  over  20 e l e c t r o l y t e s  of v a r i o u s  
t y p e s  and s t r e n g t h s .  A sampling o f  t he  r e s u l t s  i s  p r e s e n t e d  i n  
' F i g u r e  3 where t he  l i n e a r  r e l a t i o n s h i p  i n d i c a t e s  t h a t  a t  t h e  h i g h  c u r -  
I r e n t  d e n s i t i e s  cons ide red ,  I R  s o l u t i o n  l o s s e s  a r e  t h e  predominant 
c o n t r i b u t o r  to e l e c t r o d e  p o l a r i z a t i o n .  S ince  t h e  s o l u t i o n  conductance 
must  b e  cons ide red  if d r a i n s  a r e  t o  approach 1 amp/in.2,  t h e  r e f e r e n c e  
e l e c t r o d e  placement  i n t e n t i o n a l l y  inc ludes  a p o r t i o n  of t h e  e l e c t r o l y t e  
I R  ( i . e . ,  t h e  u s e  of c a r e f u l l y  p l aced  Luggin c a p i l l a r i e s  i s  cons ide red  
u n r e a l i s t i c ) .  The use  of t h i s  method, however, demands r easonab le  con- 
trol over  t h e  i n t e r e l e c t r o d e  d i s t a n c e  'Id'' ( app rox ima t ing  u l t i m a t e  e l e c -  
t r o d e  s p a c i n g )  a s  o b t a i n e d  i n  bo th  the  sandwich" and open sandwich" 
c e l l s .  
I 1  11 
With t h e  above e l e c t r o l y t e  p r e f e r e n c e  phases  completed f o r  b o t h  Mg and 
A 1  i n  f o i l  form, t e s t i n g  p rogres sed  t o  t h e  sandwich" c e l l  method f o r  
i n v e s t i g a t i o n  of t h e  n o n - r i g i d  pressed  powder and f lame-sprayed samples , of magnesium. A l l  r e s u l t s  on t h e  t h r e e  forms o f  Mg i n  sandwich t e s t i n g  
were poor ,  a s  shown i n  F i g u r e  4,  and were ana lyzed  a s  I R  l o s s e s  because 
of H2 g a s  blockage d i s c u s s e d  below. To pe rmi t  e v a l u a t i o n  o f  t h e s e  
h i g h e r  a r e a  forms, t h e  "open sandwich" method o f  t e s t i n g  was adop ted .  
l l  
3 .  
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11  Here, t h e  s p a c i n g  d "  i s  main ta ined  a long  w i t h  a n  open s t r u c t u r e ,  a l -  
lowing escape  of gas .  R e s u l t s  of t he  p r e s s e d  powder t es t s  a r e  shown 
i n  F i g u r e  5 .  L i t t l e  or no improvement f o r  Mg i s  s e e n  and only moderate 
b e n e f i t  i s  shown f o r  t h e  A 1  samples .  Although H2 gas a g a i n  p layed  a 
minor r o l e ,  t h e  l a c k  of e x t e n s i v e  b e n e f i t  from i n c r e a s e d  s u r f a c e  area 
was expec ted  i n  systems where t h e  d ischarged  p roduc t  was h i g h l y  s o l u b l e  
i n  t he  e l e c t r o l y t e .  F i n a l l y ,  f o r  t h e  sprayed  samples of bo th  metals, 
perfocmance e q u i v a l e n t  t o  t h e  s o l i d  f o i l  could  n o t  be ob ta ined  w i t h  
any of  t h e  t e s t  methods. Gas e v o l u t i o n  was once more a f a c t o r .  
3.  Gass ing  D i f f i c u l t i e s  
. 
The above r e s u l t s  become more r easonab le  i n  l i g h t  of t h e  f o l l o w i n g  
c o n s i d e r a t i o n s .  Both A 1  and Mg have p r o t e c t i v e  oxide  s u r f a c e  f i l m s  t h a t  
must be d i s s o l v e d  t o  pe rmi t  d i s c h a r g e  of t h e  unde r ly ing  meta l .  For  h igh  
c u r r e n t  o p e r a t i o n ,  t h e r e f o r e ,  s e l e c t i o n  of t h e  e l e c t r o l y t e  i n v o l v e s  
t h e  c o n s i d e r a t i o n  of bo th  c o n d u c t i v i t y  and oxide  f i l m  s o l u b i l i t y .  The 
very  p r o c e s s  of f i l m  d i s s o l u t i o n ,  however, causes  exposure  of  t h e  re-  
duced metal t o  t he  aqueous e l e c t r o l y t e  and, s i n c e  b o t h  A 1  and Mg w i l l  
r e p l a c e  hydrogen, g a s s i n g  r e s u l t s .  Magnesium i s  more a c t i v e  i n  t h i s  
r e s p e c t  and, acco rd ing ly ,  shows g r e a t e r  e f f e c t s  of t he  g a s s i n g  c o n d i t i o n .  
T h i s  i s  f u r t h e r  compl ica ted  f o r  magnesium because t h e  hydrogen e v o l u t i o n  
i n c r e a s e s  a s  t h e  anodic  c u r r e n t  i n c r e a s e s ,  a n  unusual  phenomenon known 
a s  a " n e g a t i v e  d i f f e r e n c e  e f f e c t " .  
I n  b o t h  t h e  ''open" and "open sandwich" t e s t i n g  methods d i s c u s s e d  above, 
t h e  H2 g a s  e scapes  n a t u r a l l y ,  r i s i n g  between t h e  p l a t e s .  However, i n  
t h e  sandwich" c e l l ,  t h e  gas i s  l a r g e l y  t r apped  i n  t h e  t i g h t  package, 
c r e a t i n g  p r o h i b i t i v e l y  h i g h  e l e c t r o l y t e  r e s i s t a n c e  and c a u s i n g  i n c r e a s e d  
c u r r e n t  d e n s i t y  i n  t h e  areas s t i l l  a c c e s s i b l e .  Both of t h e  l a t t e r  
f a c t o r s  would r e g i s t e r  as  i n c r e a s e d  p o l a r i z a t i o n .  S i m i l a r l y ,  each  of  
t h e  th ree  t y p e s  of e l e c t r o d e s  s t u d i e d  i s  a f f e c t e d  d i f f e r e n t l y  by t h e  
gas problem. The f o i l s  have a r e l a t i v e l y  uniform s u r f a c e  w i t h  r e l a t i v e l y  
uniform g a s s i n g  and modera te ly  easy  H2 escape if space  i s  provided .  On 
t h e  o t h e r  hand, t h e  porous powders possess i n c r e a s e d  s u r f a c e  a r e a  i n  
a n  e q u i v a l e n t  volume, which undoubtedly r e s u l t s  i n  i n c r e a s e d  g a s s i n g .  
The p o r e s  q u i c k l y  c l o g  w i t h  hydrogen, which t e n d s  to n u l l i f y  t h e  higher  
area b e n e f i t s .  F i n a l l y ,  t h e  sp rayed  metal i s  s o  i n t i m a t e l y  a t t a c h e d  
to t h e  tape backing t h a t  gas evolved  from t h e  unde r s ide  of each  p a r t i c l e  
becomes t r a p p e d  i n  t h e  t a p e  p reven t ing  any r easonab ly  e f f i c i e n t  d i s -  
c h a r g e .  
I I  
4 .  M a t e r i a l  S e l e c t i o n  
The great  dependency of h i g h  c u r r e n t  d e n s i t y  e l e c t r o d e  o p e r a t i o n  on 
s o l u t i o n  conductance i s  i n d i c a t e d  i n  t h e  r e s u l t s  of t h e  above t e s t i n g .  
S i n c e  t h e  p o s s i b i l i t y  of o b t a i n i n g  s i m i l a r  c o n d u c t i v i t i e s  i n  nonaqueous 
s o l u t i o n s  f o r  room tempera ture  o p e r a t i o n  i s  remote,  t h e  use  of l i t h i u m  
a s  a h igh- ra te  anode i s  e q u a l l y  remote.  Accordingly,  no t e s t s  f o r  
l i t h i u m  a re  p lanned  i n  t h e  n e a r  f u t u r e  a l though  changes i n  des ign  
c h a r a c t e r i s t i c s  ( lower  c u r r e n t  d e n s i t y  o p e r a t i o n ,  e t c  . )  may r e k i n d l e  
i n t e r e s t  a t  a l a t e r  d a t e .  
8. 
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Figure  5. Open "Sandwich" Tes t  Results:  
A 1  and Mg Pressed  Powders 
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A comparison of aluminum and magnesium i n  t he  r e s u l t s  ob ta ined  to d a t e  
i n v o l v e s  s e v e r a l  f a c t o r s .  Gene ra l ly ,  t h e  p o l a r i z a t i o n  s u f f e r e d  by 
A 1  a t  any g iven  c u r r e n t  d e n s i t y  i s  l e s s  t h a n  t h a t  f o r  Mg, a l though  t h e  
d i f f e r e n c e  i s  e s s e n t i a l l y  n u l l i f i e d  when expanded m e t a l  i s  used, a s  
d i s c u s s e d  l a t e r .  Coulombic e f f i c i e n c i e s ,  n o t  y e t  v e r i f i e d ,  a r e  expec ted  
t o  be comparable w i t h  a s l i g h t  edge f o r  aluminum. Also,  aluminum 
a p p a r e n t l y  o f f e r s  a greater  cho ice  of e l e c t r o l y t e s  and has a n a t u r a l  
energy d e n s i t y  advantage  of 2 .98 amp-hr/g t o  t h a t  of  2 .20  amp-hr/g f o r  
magnesium. The overwhelming f a c t o r ,  however, i s  t h e  e l e c t r o c h e m i c a l  
p o t e n t i a l .  Ma nesium i s  approximately 0.8 volt more e l e c t r o n e g a t i v e  
ehan aluminum 7 approx .  - 1 . 6 ~  (SCE) t o  -0.8 v(SCE) open c i r c u i t ) .  The 
n e t  e f f e c t  i s  i l l u s t r a t e d  i n  assumed full c e l l s  u s i n g  meta-d in i t robenzene  
a s  ca thode  m a t e r i a l ;  a magnesium c e l l  would develop  a n  o p e r a t i n g  po ten -  
t i a l  of 0 . 9  v t o  1.1 v a g a i n s t  0 . 2 ~  t o  0 . 4 ~  f o r  aluminum. The tremendous 
- d i f f e r e n c e  i n  power o u t p u t s  i s  obvious,  and,  a c c o r d i n g l y ,  magnesium 
has  been t e m p o r a r i l y  s e l e c t e d  a s  t h e  anode m a t e r i a l .  
5. Design C o n s i d e r a t i o n s  
Ana lys i s  of t h e  t e s t i n g  t o  d a t e  has  shown t h a t  e l i m i n a t i o n  o r  r a p i d  
e scape  o f  H2 gas  i s  n e c e s s a r y  t o  achieve  maximum performance from 
magnesium. P rope r  d e s i g n  of t h e  c o l l e c t o r - a n o d e  combinat ion should 
h e l p  overcome many of t h e  d i f f i c u l t i e s .  With t h i s  i n  mind, tes ts  were 
s u c c e s s i v e l y  made on p e r f o r a t e d  s h e e t ,  c r u d e l y  woven s t r i p s ,  and ex- 
panded meta l .  Each p o s s e s s e d  i n c r e a s i n g l y  greater  a b i l i t y  to v e n t  H2 
gas and each  gave p r o g r e s s i v e l y  b e t t e r  r e s u l t s .  The expanded magnesium 
performance i n  t h e  sandwich" c e l l ,  the  most d i f f i c u l t  t es t  method 
from a g a s s i n g  s t a n d p o i n t ,  i s  shown i n  F i g u r e  4 .  Here i t  is  seen  t h a t  
measured p o l a r i z a t i o n  a t  1 amp/in.= was l e s s  t h a n  0 .2  v o l t .  
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I n c o r p o r a t i o n  of t h e  above improvements i n t o  a t a p e  anode c o n f i g u r a t i o n  
i s  p o s s i b l e  through s e v e r a l  v a r i a t i o n s .  The expanded meta l  i t s e l f  
cou ld  be u s e d  if i t  can  be  o b t a i n e d  i n  s u f f i c i e n t l y  t h i n  base m a t e r i a l  
(0.001 i n . )  t o  match expec ted  load ings  p e r  s q u a r e  i n c h .  
s c r e e n  mesh seems l i k e l y  t o  produce the  des i red  r e s u l t s .  The c o l l e c t o r  
and  anode can  be combined i n  a magnesium b lock  grooved and channeled 
t o  p r o v i d e  t h e  n e c e s s a r y  g a s  e scape  man i fo lds .  The immediate f u t u r e  
e f f o r t  i n  t h i s  a r e a  w i l l  be t h e  a c q u i s i t i o n  and t e s t i n g  of  samples 
u s i n g  these  and o t h e r  d e s i g n  p o s s i b i l i t i e s .  
A f i n e  woven 
B .  ELECTROLYTE ENCAPSULATION 
Var ious  methods of  e l e c t r o l y t e  e n c a p s u l a t i o n  have been cons ide red  f o r  
s u p p l y i n g  e l e c t r o l y t e  a s  needed for d i s c h a r g e  of  t he  t a p e  b a t t e r y  i n  
a s t o r a b l e  form compat ib le  w i t h  stop-start o p e r a t i o n .  I n  any method 
f o r  con t inuous  supply  of e l e c t r o l y t e ,  whether i n  macrocapsules  o r  
mic rocapsu le s ,  t h e  w a l l  t h i c k n e s s  of c o n t a i n i n g  m a t e r i a l  must  be mini -  
mized t o  a c h i e v e  a h igh  pay load .  The smaller t h e  c a p s u l e  s i z e ,  t h e  
t h i n n e r  t h e  c a p s u l e  wall  must  be t o  p r o v i d e  t h e  same pe rcen tage  payload 
and ,  consequen t ly ,  t h e  more impermeable t h e  wal l  m a t e r i a l  m u s t  b e .  
With a s  assumed requi rement  of  a 60 w t - %  minimum payload  a f t e r  t h r e e  
y e a r s  s t o r a g e ,  m i c r o - s i z e  c a p s u l e s  a r e  e l i m i n a t e d  a s  a p o s s i b i l i t y  w i t h  
10. 
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t h e  p r e s e n t  s t a t e - o f - t h e - a r t ,  a t  l e a s t  f o r  e n c a p s u l a t i o n  of aqueous 
p h a s e s .  I n  f a c t ,  it appea r s  t h a t  microcapsules  o f f e r  promise only i f  
t h e  anode m a t e r i a l  i s  a t  l e a s t  p a r t i a l l y  used a s  a n  e n c a p s u l a n t .  Thus, 
a much g r e a t e r  c a p s u l e  w a l l  t h i c k n e s s  cou ld  be u s e d  wi thou t  t h e  a d d i t i o n a l  
weight p e n a l t y .  
A g i a n t  macrocapsule  can e a s i l y  meet the  above pay load- s to rage  r e q u i r e -  
ments .  For  example, a 500 m l  po lye thy lene  b o t t l e  w i t h  a 40-mil w a l l  
w i l l  p rov ide  a 95$+ payload w i t h  a l o s s  o f  on ly  1/4$ p e r  y e a r .  How- 
ever,. t h i s  means of e l e c t r o l y t e  s t o r a g e  would r e q u i r e  a d d i t i o n a l  
mechanisms t o  d i s p e n s e  e l e c t r o l y t e  a t  t h e  d e s i r e d  r a t e  t o  t h e  des i r ed  
Loca t ion .  Aside from t h e  a d d i t i o n a l  complexi ty ,  there  i s  a d e f i n i t e  
minimum o p e r a t i o n  t ime below which t h i s  method s u f f e r s  a weight  p e n a l t y  
compared t o  o t h e r  macrocapsules  o r  t o  mic rocapsu le s .  O u r  p r e v i o u s  
a n a l y s i s  i n d i c a t e s  t h a t  f o r  one s e t  of c o n d i t i o n s  t h i s  minimum opera-  
t i o n  t i m e  was abou t  100 h o u r s .  While t h i s  minimum would va ry  w i t h  
t h e  c o n d i t i o n s ,  we f e e l  a macroencapsula t ion  of dimensions s u i t a b l e  
f o r  supply  w i t h  o r  on t a p e  o f f e r s  t h e  b e s t  approach .  
1. Macrocapsule Design Cons ide ra t ions  
An e l e c t r o l y t e  f e e d  r a t e  of 0 . 2  gram p e r  square  i n c h  of t a p e  has 
been used  a s  a basis  i n  d e s i g n i n g  a macroencapsula t ion  sys t em.  While 
t h i s  i s  c o n s i d e r a b l y  i n  excess  of t h e  t h e o r e t i c a l  r equ i r emen t s  f o r  a 
magnesium m-din i t robenzene  couple  w i t h  a c a p a c i t y  of  1 amp-min p e r  
squa re  i n c h  of t a p e ,  some excess  o f  e l e c t r o l y t e  i s  r e q u i r e d  t o  wet t h e  
a c t i v e  components and s e p a r a t o r .  Var ious  m o d i f i c a t i o n s  of t h e  encapsu- 
l a t i o n  sys tem can be made t o  supply  a l a r g e r  o r  s m a l l e r  amount of 
e l e c t r o l y t e  as d i c t a t e d  by t h e  anode and ca thode  s t u d i e s .  A s i n g l e  
t u b e  of  p a c k e t s  can be used t o  supply two t a p e s  a s  shown i n  F i g u r e  6 
i f  a s m a l l e r  q u a n t i t y  of e l e c t r o l y t e  i s  s u f f i c i e n t .  T h i s  arrangement  
o f f e r s  t h e  advan tages  t h a t  (1) t h e  c o n t a i n e r  m a t e r i a l  i s  n o t  on t h e  
t a p e  s u r f a c e  and w i l l  n o t  i n t e r f e r e  w i t h  d i s c h a r g e ,  and ( 2 )  a s imple  
p u n c t u r e  o f  the  c a p s u l e  and passage  through r o l l e r s  should  e f f i c i e n t l y  
d i s t r i b u t e  e l e c t r o l y t e  t o  t h e  two t a p e s  w i t h  l i t t l e  l o s s .  I f  more 
e l e c t r o l y t e  i s  r e q u i r e d ,  a w i d e r  packet  could  be u s e d .  T h i s  would 
p rov ide  a grea te r  payload a t  t h e  expense of i n c r e a s i n g  t h e  s u r f a c e  
area- to-volume r a t i o  of t h e  p a c k e t .  I n  a l l  c a s e s ,  i t  w i l l  be advan- 
tageous  t o  p r o v i d e  some means of o b t a i n i n g  a l o c a l  r e t e n t i o n  of 
e l e c t r o l y t e  a t  t he  c u r r e n t  c o l l e c t o r s .  A wr inge r  a c t i o n  produced by 
p r e s s u r e  rolls f o l l o w i n g  the  c u r r e n t  c o l l e c t o r s  might b e  used  t o  con- 
t i n u a l l y  feed back a p o r t i o n  o f  e l e c t r o l y t e .  
2 .  E n c a p s u l a t i n g  M a t e r i a l s  
Our p r e l i m i n a r y  c a l c u l a t i o n s  i n d i c a t e  t h a t  e l e c t r o l y t e  weight w i l l  be 
a m a j o r  p o r t i o n  of t h e  t o t a l  weight  o f  a completed sys tem.  
i t  i s  n e c e s s a r y  t o  o b t a i n  a h igh  payload i n  supp ly ing  e l e c t r o l y t e .  
T h i s  d i c t a t e s  u s e  of t h e  t h i n n e s t ,  l eas t  dense c o n t a i n e r  m a t e r i a l s  
c o n s i s t e n t  w i t h  p e r m e a b i l i t y  r equ i r emen t s .  
i l l u s t r a t e d  i n  F i g u r e  6, i n i t i a l  payloads  g r e a t e r  t h a n  80 w t - %  a r e  
o b t a i n a b l e  w i t h  f i l m  t h i c k n e s s e s  of 1 t o  2 m i l s  (depending  on f i l m  
d e n s i t y )  a s  t h e  c a l c u l a t i o n s  summarized i n  Table  1 show. Payloads 
The re fo re ,  
For t he  c o n f i g u r a t i o n  
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Table 1 
CALCULATED PAYLOAD AND SURFACE AREA 
TO VOLUME RATIO FOR CAPSULE3 OF ELLIPTICAL CROSS SECTION* 
Axis of S u r f a c e  
E l l  i p s  e I n t e r n a l  I n i t i a l  Area p e r  Payload** 
m i  Is Volume Payload U n i t  Volume 3 Years 
Major Minor cc  w t - %  cm-l w t - $  
300 10 0 .20  82 40 60 
150 10 0.10 80 31 




65 65 0 .20  90 13 80 
* 
Capsule  l e n g t h  - 1 i n . ;  f i l m  d e n s i t y  - 2 . 1  g/cc; f i l m  t h i c k n e s s  - 
1 m i 1 ; e l e c t r o l y t e  d e n s i t y  - 1 g/cc,  i n c l u d e s  
a l lowance  for hea t  sea ls  
** 
Assuming 50s r e l a t i v e  humidi ty  d i f f e r e n c e  a t  25OC and f i l m  
p e r m e a b i l i t y  of  0.002 g-mm/24 hr-sq m-cm H g  
13 
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g r e a t e r  t h a n  60% a r e  ob ta ined  a f t e r  t h r e e  y e a r s  i f  t h e  f i l m  per -  
m e a b i l i t y  i s  of t h e  o r d e r  o f  0.002 g-mm/24 hr -sq  m-cm Hg. 
From t h e s e  c o n s i d e r a t i o n s  and t h e  g e n e r a l  c h a r a c t e r i s t i c s  d e s i r e d ,  
t h e r m o p l a s t i c  f i l m s  a r e  t h e  c h o i c e  f o r  c a p s u l e  m a t e r i a l .  Thermo- 
p l a s t i c s  a l s o  o f f e r  t h e  advantage o f  r e l a t i v e l y  s imple c a p s u l e  
f a b r i c a t i o n  by conven t iona l  s e a l i n g  methods, t h e  seals g e n e r a l l y  
be ing  a t  l e a s t  a s  impermeable as the  f i l m .  P e r m e a b i l i t y  and d e n s i t y  
d a t a  of the  more impermeable t h e r m o p l a s t i c  m a t e r i a l s  a v a i l a b l e  a s  
t h i n  f i l m s  a r e  summarized i n  T a b l e  2 .  It i s  a p p a r e n t  t h a t  a f i l m  
t h i c k n e s s  greater  t h a n  2 m i l s  i s  needed w i t h  most t h e r m o p l a s t i c s  
3. Capsule  F a b r i c a t i o n  
O f  t h e  numerous methods f o r  s e a l i n g  o r  j o i n i n g  t h i n  t h e r m o p l a s t i c  
f i l m s ,  thermal  impulse and u l t r a s o n i c  s e a l i n g  have t h e  w i d e s t  
a p p l i c a b i l i t y  t o  t h e  m a t e r i a l s  of i n t e r e s t  i n  t h i s  work .  A thermal  
impu l se  s e a l e r ,  S n t i n e l  Model 12-12AS, has  been used t o  produce 
c a p s u l e s  of  A c l a a ,  Scotchpa@ 25A2O ( a  Myla@- aluminum l a m i n a t e ) ,  
e t c  ., and po lye thy lene  f i l m s  w i t h  s a t i s f a c t o r y  r e s u l t s .  The upper 
s e a l i n g  head of t h i s  u n i t  has  been modi f ied  t o  produce a t h i n n e r  
sea l  w i t h  s m a l l e r  clamping a r e a .  
4 .  T e s t  C o n s i d e r a t i o n s  and Methods 
F i n i s h e d  c a p s u l e s  a r e  be ing  t e s t e d  to determine t h e  weight  l o s s  a s  
a f u n c t i o n  of  t ime i n  v a r i o u s  environments .  These environments  a r e :  
(1) a tmospher ic  p r e s s u r e  and z e r o  r e l a t i v e  humidi ty  a t  25"C, ( 2 )  same 
a s  (1) w i t h  reduced p r e s s u r e  and/or e l e v a t e d  t empera tu res ,  and (3)  
ambient c o n d i t i o n s .  Where capsu le  impermeabi l i ty  i s  such  t h a t  weight  
l o s s  cannot  be d e t e c t e d  i n  a r easonab le  p e r i o d  of t i m e ,  e l e v a t e d  
t empera tu res  w i l l  b e  used t o  i n c r e a s e  t h e  loss r a t e  t o  measurable  
l e v e l s .  Vdr ious  f i l m  samples w i l l  be s e p a r a t e l y  examined f o r  p i n -  
h o l e s  by spark  d i s c h a r g e .  Comparison of r e s u l t s  on c a p s u l e s  t e s t ed  
a t  a tmosphe r i c  and reduced p r e s s u r e  w i  11 i n d i c a t e  whether  p i n h o l e s  
o r  i m p e r f e c t  s e a l s  a r e  p r e s e n t ,  s i n c e  t h e  l o s s  due  t o  p i n h o l e s  or 
l e a k s  w i l l  depend on t h e  t o t a l  p r e s s u r e  drop a c r o s s  t h e  c a p s u l e  w a l l .  
The d i f f u s i o n a l  l o s s e s  w i l l  depend on t h e  p a r t i a l  p r e s s u r e  d i f f e r e n c e  
of t he  d i f f u s i n g  component, which w i l l  remain e s s e n t i a l l y  c o n s t a n t  
i n  these  tes ts .  D i f f u s i o n a l  l o s s e s  i n  f i l m s  t h a t  e x h i b i t  ve ry  low 
s o l u b i l i t y  f o r  t h e  d i f f u s i n g  component s h o u l d  depend only  on t h e  
p a r t i a l  p ressure  d i f f e r e n c e  and not  on t h e  a b s o l u t e  v a l u e s  of t he  
p a r t i a l  pressures .  T h i s  means t h a t  t h e  p e r m e a b i l i t y  should be 
e s s e n t i a l l y  t h e  same whether  or not  t h e  f i l m  i s  i n  c o n t a c t  w i t h  a 
l i q u i d  or vapor  and should  be independent  of t h e  l e v e l  of r e l a t i v e  
humidi ty  d i f f e r e n c e .  
to o b t a i n  t h e  low e l e c t r o l y t e  l o s s  l e v e l  w i t h  aqueous e l e c t r o l y t e s ,  I 
1 
Tes t s  w i l l  a l s o  be made t o  determine composi t ion of t h e  e l e c t r o l y t e  
when s o l u t e - s o l v e n t  systems a re  e n c a p s u l a t e d .  D e t e r i o r a t i o n  of 
e l e c t r o l y t e s  due to t r a n s f e r  o f  gases  i n t o  t h e  c a p s u l e  w i l l  a l s o  
be i n v e s t i g a t e d .  
14. 
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Table 2 
WATER VAPOR TRANSMISSION AND DENSITY OF 
SELECTED THERMOPLASTIC FILM MATERIALS 
Material Permeability* Specific Gravity 
FEP TefloD 0.002 2.1 
Aclar @ 0.015”** 2.1 
Mylar-Aluminum Laminate** 0.02*** 1.02 
Polyethylene ( h . d . ) 0.03 0.95 





*g-mm/24 hr-sq m-cm Hg (approximate values) 
** 
1 mil Mylar on each side of 1/2 mil A1 foil 
***:.OO°F and 9& relative humidity 
1.2 - 1.7 
1.4 
15 
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5 .  T e s t  R e s u l t s  
T e s t  data  on c a p s u l e s  formed by thermal  impulse s e a l i n g  a re  sum- 
marized i n  Table  3 and F i g u r e  7 .  
c a p s u l e  shows a l a r g e  weight  loss, t h e  f i l m  d e n s i t y  i s  low and, 
consequent ly ,  the  payload i s  h i g h .  However, e x t r a p o l a t i o n  of t h e  
da ta  ob ta ined  i n d i c a t e s  t h a t  a f t e r  100 days,  t h e  po lye thy lene  cap-  
s u l e  payload would be below t h a t  o f  t he  Al-Mylar c a p s u l e  and below 
t h a t * o f  t h e  Aclar  f i l m  i n  150 days .  Use of  a t h i c k e r  po lye thy lene  
f i l m  would lower t h e  i n i t i a l  payload but  improve t h e  s l o p e  of t h e  
payload v e r s u s  time c u r v e .  F u r t h e r  t e s t s  and c a l c u l a t i o n s  a r e  be ing  
c a r r i e d  o u t  t o  de te rmine  t h e  optimum d e n s i t y - p e r m e a b i l i t y  r e l a t i o n s h i p  
f o r  t he  c a p s u l e  s i z e s  d e s i r e d .  It should be noted  t h a t  of t h e  
c a p s u l e s  t e s t ed ,  t he  Al-Mylar and t h e  Ac la r  c a p s u l e s  a r e  i n  t h e  s i z e  
r ange  d e s i r e d ,  wh i l e  t he  po lye thy lene  i s  probably  c o n s i d e r a b l y  l a r g e r  
t han  w i l l  be r e q u i r e d .  
While t h e  1 - m i l  p o l y e t h y l e n e  
6 .  F u t u r e  Work 
I n  t h e  n e x t  q u a r t e r ,  c a p s u l e  t e s t s  w i l l  be  extended t o  cover  t h e  
c o n d i t i o n s  d e t a i l e d  i n  S e c t i o n  D w i t h  t h e  s u i t a b l e  t h e r m o p l a s t i c s .  
These tes ts  w i l l  a l s o  i n c l u d e  encapsu la t ions  of a s u i t a b l e  e l e c -  
t r o l y t e  and composi t ion a n a l y s i s .  Models a r e  be ing  c o n s t r u c t e d  t o  
t e s t  methods and e f f i c i e n c y  of e l e c t r o l y t e  r e l e a s e .  
C .  H I G H  ENERGY CATHODE DEVELOPMENT 
T h i s  s e c t i o n  of t h e  program was scheduled t o  begin  a t  t h e  end o f  
t h e  f i r s t  q u a r t e r .  
ou tpu t  of c a n d i d a t e  ca thode  materials and t o  deve loping  s u i t a b l e  
ca thode  material-tape c o n f i g u r a t i o n s .  
Work will be p r i m a r i l y  devoted  t o  measuring t h e  
1. S e l e c t i o n  of High Energy Cathode Materials 
The o p e r a t i n g  p o t e n t i a l s  and c a p a c i t i e s  of a number of  promising 
ca thode  materials w i l l  be measured i n  tape c o n f i g u r a t i o n s  under 
b o t h  s t a t i c  and dynamic c o n d i t i o n s .  The most l i k e l y  systems w i l l  be 
s e l e c t e d  f o r  f u r t h e r  development. 
The f o l l o w i n g  compounds w i l l  be inc luded :  
Cathode 
o-Dini t robenzene  
D i n i t r o b e n z o i c  a c i d  
T r i n i t r o b e n z e n e  
P i c r i c  a c i d  
l-Carboxymethyl-1,3,5,5-tetranitropi~e~adine 
3 , 6 - D i n i t r o p h t h a l i c  a c i d  
2 ,4 ,6  -Tr i c  h l o r o  - t r i a z  i n e  - tr i  one 
1,3,4,6-Tetrachloroglycoluril 
Hexachloromelamine 
Watt-hr/lb v s  Mg 
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I n  a d d i t i o n ,  f u r t h e r  work t o  improve m-dini t robenzene ou tpu t  
w i l l  be c o n t i n u e d .  
2 .  Development of P r a c t i c a l  Cathode-Tape C o n f i g u r a t i o n s  
Methods f o r  d e p o s i t i n g  ca thode  m a t e r i a l s  on t a p e  w i l l  be i n v e s t i g a t e d .  
Techniques under  c o n s i d e r a t i o n  inc lude  p r e s s  molding, m e l t  c o a t i n g  
(when p o s s i b l e ) ,  s o l v e n t  c o a t i n g  and s l u r r y  c o a t i n g .  The u s e  of 
b i n d e r s  and w a t e r - s o l u b l e  adhes ives  w i l l  be s t u d i e d .  
A hynamic t a p e  t es te r  i s  be ing  developed t o  examine t h e  e f f e c t  of  
. v a r i o u s  dynamic mechanical  parameters  such  a s  c o l l e c t o r  c o n f i g u r a t i o n ,  
p r e s s u r e  and t a p e  speed on t h e  performance o f  new ca thode- tape  con- 
f i g u r a t i o n s  . 
19 
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111. PHASE 2 - DRY TAPE DESIGN 
A .  COMBINED CONFIGURATION AND TESTING 
1. I n t r o d u c t i o n  
The o b j e c t i v e  of t h i s  p o r t i o n  of  t h e  program i s  t o  combine t h e  anode 
and ca thode  i n t o  a compat ib le  c o n f i g u r a t i o n  s u i t a b l e  f o r  d i s c h a r g e  
i n  a t a p e  sys tem.  S i n c e  t h i s  work w i l l  i n c l u d e  v a r i a t i o n s  i n  e l e c -  
t r o l y t e ,  b i n d e r  a d d i t i v e s ,  and e l e c t r o d e  des ign ,  a s  w e l l  as  t e s t i n g  
for: o u t p u t s ,  s t o p - s t a r t  c a p a b i l i t y ,  and s t o r a b i l i t y ,  i t  i s  necessa ry  
Development of  t h e  
r e q u i r e d  e l e c t r o d e s ,  however, must awai t  comple t ion  of  s e v e r a l  o t h e r  
phases t h a t  a r e  be ing  conducted c o n c u r r e n t l y .  I f  a t i m e l y  conc lus ion  
i s  t o  be reached ,  some assumpt ions  m u s t  be made i n  t h i s  phase s o  t h a t  
t h i s  combined t e s t i n g  phase  can p rogres s  normal ly .  Accordingly,  t h e  
f o l l o w i n g  e l e c t r o d e s  a r e  be ing  p repa red  f o r  u s e ,  to be r e p l a c e d  a t  
a l a t e r  date ,  i f  a p p r o p r i a t e ,  by t h e  r e s u l t s  of t h e  i n d i v i d u a l  anode 
and ca thode  programs. 
. t h a t  t h i s  phase  be s t a r t e d  a s  soon a s  p o s s i b l e .  
2 .  Anode 
The r e s u l t s  t o  d a t e  i n  t h e  anode program ( d i s c u s s e d  e l sewhere  i n  t h i s  
r e p o r t )  a r e  be ing  u t i l i z e d  f o r  the  combined t e s t i n g .  S u f f i c i e n t  
expanded magnesium, a l t h o u g h  n o t  of  the  d e s i r e d  base metal t h i c k n e s s ,  
has been o b t a i n e d  t o  p e r m i t  e x t e n s i v e  u s e  i n  t h i s  work. Combination 
anode -cu r ren t  c o l l e c t o r s  c u t  f r o m  magnesium block  have been des igned  
and manufactured f o r  t h i s  phase;  s e v e r a l  g a s  mani fo ld  arrangements  
a re  i n c l u d e d .  All a r e  a w a i t i n g  minimum l e v e l  performance c e r t i f i c a -  
t i o n  of t h e  ca thode  ( d i s c u s s e d  below) b e f o r e  j o l i i t  t e s t i n g  car! h m o . i n  Y -=--- t 
3. Cathode 
Meta-d in i t robenzene  (m-DNB) was s e l e c t e d  as t h e  ca thode  a c t i v e  ma- 
t e r i a l  and  p r e s s e d  powder molding a s  t h e  method of manufac ture .  
t e s t  samples  a re  1 i n .  x 3 i n .  and a l l  d i s c h a r g e s  were r u n  i n  t h e  
sandwich" c e l l  a t  100 ma/in.2 t o  e s t a b l i s h  a minimum performance 
l e v e l .  
All 
I f  
Tests  i n c l u d e d  t h e  fo l lowing  v a r i a t i o n s :  
a .  
b .  
C .  
d .  
e .  
f .  
g .  
h .  
Conductor l e v e l s  
Conductor t y p e s  ( a c e t y l e n e  b l a c k  v s  g r a p h i t e  v s  
m i x t u r e s )  
Mixing methods 
Binder  a d d i t i v e s  
Molding p r e s s u r e  and vo id  p e r c e n t a g e s  
P o r e  b u i l d e r s  
E l e c t r o l y t e s  
Vacuum impregnat ion of e l e c t r o l y t e s  
Dozens o f  t e s t s  encompassing t h e  above f a c t o r s  were made; sample re -  
s u l t s  a r e  shown i n  F i g u r e  8 .  
2 0 .  
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Acetylene b l a c k  proved the  most s u i t a b l e  conductor  a d d i t i v e  because 
of i t s  imcornpressible n a t u r e ,  which r e s u l t e d  i n  a n  open po re  e l e c t r o d e  
s t r u c t u r e .  S u b s t i t u t i o n  of g r a p h i t i c  carbons  r e s u l t e d  i n  much h i g h e r  
packing  d e n s i t i e s  and poore r  o p e r a t i o n .  A t  l e a s t  65%-70% v o i d s  were 
r e q u i r e d  t o  a c h i e v e  r e a s o n a b l e  e f f i c i e n c i e s .  The use  of g r a p h i t e  
w i t h  p o r e  b u i l d e r s  fo l lowed by s o l v e n t  l e a c h i n g  d i d  n o t  p r o v i d e  
r e s u l t s  e q u i v a l e n t  to t h o s e  w i t h  a c e t y l e n e  b l a c k  a l o n e .  Changing the  
mixing o r  b l end ing  methods had l i t t l e  e f f e c t .  The best  coulombic 
e f f i c i e n c y  a t  100 ma/in.2 t o  a r e a s o n a b l e  c u t o f f  (-0.80 v(SCE))  was 
42%: 
e s s e n t i a l l y  be reached  w i t h  MgC12. When a c e t y l e n e  b l a c k  was used,  
’adherence and f l e x i b i l i t y  were d i f f i c u l t  t o  ma’intain. 
Acid e l e c t r o l y t e  was p r e f e r r e d b u t  e q u i v a l e n t  performance cou ld  
From t h e s e  r e s u l t s ,  i t  was dec ided  t h a t  a t h i n ,  f l e x i b l e ,  wel l  adhered 
t a p e  o p e r a t i n g  e f f i c i e n t l y  w i t h  m-DNB a t  h i g h  c u r r e n t  d e n s i t i e s  
would be d i f f i c u l t  t o  o b t a i n  r e a d i l y .  Accordingly,  o p t i m i z a t i o n  of 
m-DNB e l e c t r o d e s  was l e f t  t o  t h e  cathode development phase,  and a new 
d e p o l a r i z e r  was adopted  f o r  u t i l i z a t i o n  i n  t h i s  j o i n t  c o n f i g u r a t i o n a l  
development.  
Review of p r e v i o u s  d e p o l a r i z e r  work conducted i n  t h i s  l a b o r a t o r y  r e -  
s u l t e d  i n  t h e  s e l e c t i o n  of 2,4,6-trichloro-triazine-trione a c i d  as  the  
ca thode  c h o i c e  t o  r e p l a c e  m-DNB for t h i s  a r e a  of work. Although the  
t h e o r e t i c a l  energy d e n s i t y  i s  less ,  o p e r a t i n g  v o l t a g e  i s  much h ighe r  
and t h e  a b i l i t y  to suppor t  h i g h  c u r r e n t  d e n s i t i e s  i s  b e t t e r .  S e v e r a l  
tes ts  of t a p e - s t y l e  e l e c t r o d e s  confirmed t h i s  and showed o u t p u t  p e r  
weight  t o  exceed t h a t  of t h e  m-DNB a t  t h e  s t a t e - o f - t h e - a r t  where i t  
was abandoned. 
I T e s t s  t o  show the  e f f e c t s  of conductor  l e v e l ,  p e r  c e n t  v o i d s ,  e l e c -  
t r o l y t e  t y p e s ,  e t c . ,  a re  be ing  conducted t o  opt imize  t h i s  system t o  
t h e  p o i n t  where i t  w i l l  p e rmi t  t h e  e v a l u a t i o n s  des i r ed  i n  t h i s  
~ 
I s e c t i o n .  Sample r e s u l t s  a re  shown i n  F i g u r e  9. 
~ 
B. TAPE MANUFACTURING METHODS 
A g e n e r a l  review of t a p e  manufactur ing methods and equipment w i l l  
be c a r r i e d  o u t ,  aimed a t  deve loping  t h e  manufac tur ing  t echn iques  
r e q u i r e d  f o r  q u a n t i t y  p r o d u c t i o n  of c o a t e d  t a p e .  T h i s  work w i l l  i n -  
v o l v e  t h e  u s e  of p i l o t  equipment and c o n t r o l s  t o  assess a l l  of t h e  
manufac tur ing  v a r i a b l e s  and w i l l  begin a f t e r  s e l e c t i o n  of components 
proved  o u t  i n  t h e  o t h e r  phases  of t h i s  work. 
22. 
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I V .  PHASE 3 - CONVERSION DEVICE DEVELOPMENT 
A .  DEVICE DEVELOPMENT 
1. O b j e c t i v e s  
The major  o b j e c t i v e  of  t h i s  phase is  t o  demonst ra te  t h e  f e a s i b i l i t y  
of t he  Dry Tape b a t t e r y  producing  high wat t -hours  p e r  pound of we igh t .  
To c h i s  end, t h e  conve r s ion  dev ice  w i l l  be c o n s t r u c t e d  having t h e  
.following f e a t u r e s  : 
( a )  The demonst ra t ion  dev ice  w i l l  be b u i l t  w i t h  enough t a p e  
t o  r u n  100 h o u r s .  
( b )  Three tape c e l l s  w i l l  be ope ra t ed  i n  s e r i e s  t o  demonstrate  
h igher  v o l t a g e  c a p a b i l i t y .  
( c )  The tape w i l l  be e l e c t r i c a l l y  d r i v e n  by p a r t  of t h e  e l e c t r i c i t y  
g e n e r a t e d  by t h e  t a p e .  
( d )  The dev ice  w i l l  demonst ra te  s t a r t - s t o p  c a p a b i l i t y .  
( e )  The d r i v e  mechanism w i l l  be capab le  of t r a n s p o r t i n g  t h e  t a p e  
a t  v a r i o u s  speeds  up t o  one i n c h  p e r  minute maximum. 
2 .  Tape Dr ive  Ana lys i s  
I n  work toward o b t a i n i n g  maximum wat t -hours  p e r  pound o f  weight and 
d r i v i n g  t h e  tape a t  v a r i o u s  speeds,  v a r i o u s  t y p e s  of e l e c t r i c  d r i v e s  
were s t u d i e d .  These i n c l u d e d  a permanent magnet dc gear motor w i t h  
r h e o s t a t  i n  t h e  a rmature  c i r c u i t ;  a shunt  dc motor w i t h  r h e o s t a t  i n  
t h e  f i e l d  c i r c u i t ;  a cons t an t - speed ,  permanent magnet dc g e a r  motor 
w i t h  v a r i a b l e - s p e e d  t r ansmiss ion ;  and a s t e p p i n g  motor and e l e c t r o n i c  
p u l s e r  w i t h  v a r i a b l e  p u l s e  p r o v i s i o n s .  
After  e v a l u a t i n g  v a r i o u s  f a c t o r s ,  t he  cons t an t - speed ,  permanent magnet, 
dc gear motor w i t h  v a r i a b l e - s p e e d  t r ansmiss ion  was s e l e c t e d .  A t  t h e  
p r e s e n t  t i m e ,  t h i s  t y p e  of d r i v e  o f f e r s  t he  f o l l o w i n g  advantages :  
- -Opera t ing  v o l t a g e  i s  minimal ,  Hence, t h e  motor cou ld  o p e r a t e  
w i t h  only two or t h r e e  t a p e  c e l l s  i n  s e r i e s .  
--Has a h i g h  ou tpu t  t o r q u e  p e r  m i l l i w a t t  i n p u t  and pe r  pound 
of w e i g h t .  
--Would n o t  need any a u x i l i a r y  dev ices  such  a s  a v o l t a g e  b o o s t e r  
or e l e c t r o n i c  p u l s e r  . 
- - S t a t e - o f - t h e - a r t  i s  v e r y  good w i t h  advances b e i n g  made 
c o n t i n u a l l y  i n  r e d u c i n g  motor s i z e  and w e i g h t .  
24. 
0 MONSANTO RESEARCH CORPORATION 0 
--Can be des igned  f o r  au tomat ic  c o n t r o l  of t a p e  speed a s  power 
demand on the  t a p e  c e l l s  i s  v a r i e d ,  t h u s  ex tending  l i f e  of 
b a t t e r y  and maximizing u t i l i z a t i o n  of b a t t e r y  c a p a c i t y .  
( a )  E l e c t r i c  Motor 
Many manufac turers  were con tac t ed  t o  o b t a i n  i n fo rma t ion  on sma l l ,  
e f f i c i e n t ,  l i g h t w e i g h t  permanent magnet motors .  S ince  t h r e e  t a p e s  
w i l l  be  d r i v e n  i n  s e r i e s ,  t h e  s e a r c h  c e n t e r e d  on a 3 vdc motor capable  
of  abproximate ly  30 o z - i n .  of t o rque  a t  a speed of  1 rpm. 
gearch l e d  t o  the  purchase  o f  t h e  fo l lowing  fiv.e motors:  
T h i s  
Cramer Cramer Escap Escap 
No, 1 No. 2 No. 1 No, 2 A .  W .  Haydon* 
3 12 3 3 3 
Output speed,  rpm 1 1 3.0 15.0 2 .o 
Inpu t ,  m i l l i w a t t s  210 210 105 200 
30 30 7 *o 1.4 15 
Weight, oz 8 1/2 8 1/2 2 2 3 1/2 
Voltage,  vdc 
Output t o rque ,  o z - i n .  
105 
*on o r d e r  
To d a t e ,  b o t h  Cramer Motors and Escap No. 1 have been tes ted  by ap-  
p l y i n g  known to rque  load ings ,  w i t h  a prony brake dev ice  ( F i g u r e  lo), 
onto  t h e  motor s h a f t .  
were determined w i t h  t h e  fo l lowing  r e s u l t s  (Tab le  4): 
The e f f e c t s  upon motor i n p u t  c u r r e n t  and speed 
T a b l e  4 
MOTOR CALIBRATION DATA 
O u t p u t  S h a f t  
Torque Vol tage  
o z - i n .  
Curren t  Speed 
v o l t s  Mil l iamperes  rPm 


























































F i g u r e  10. Prony Brake Device  
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Table 4 ( c o n t i n u e d )  
MOTOR CALIBRATION DATA 
Output S h a f t  
Torque 
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The above d a t a  show t h a t  t h e  motors t e s t ed  u s e  150 t o  200 m i l l i w a t t s  
of power t o  p r o v i d e  about  30 ounce-inches of t o r q u e  a t  1 rpm. 
shou ld  be no ted  t h a t  t h i s  i n p u t  power i s  we l l  under  10% of  t h e  expec ted  
o u t p u t  of t h ree  tapes  i n  s e r i e s .  
r e p r e s e n t s  22.2 m i l l i w a t t s  ou tpu t ,  the 150 t o  200 m i l l i w a t t s  i n p u t  
i n d i c a t e s  a motor e f f i c i e n c y  o f  only 11 t o  15%. 
t h e  e f f o r t  t o  f i n d  more e f f i c i e n t  motors i s  c o n t i n u i n g .  
It 
However, as  30 o z - i n .  a t  1 rpm 
For t h i s  r eason ,  
b .  Variable  Speed Transmission 
A s  s t a t e d  p r e v i o u s l y ,  t h e  t e n t a t i v e  d e c i s i o n  was made t o  u s e  a 
c o n s t a n t - s p e e d  motor and u s e  a v a r i a b l e  speed mechanical  t r a n s m i s s i o n  
d e v i c e  t o  va ry  t a p e  s p e e d .  
d e v i c e s  i n v e s t i g a t e d  t h u s  f a r  a re  shown s c h e m a t i c a l l y  i n  F i g u r e s  11 
and 12. 
The types  of v a r i a b l e  speed  t r a n s m i s s i o n  
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The l i n k a g e  shown i n  F i g u r e  11 i s  a four -bar  l i n k a g e  u s i n g  a one-way 
c l u t c h .  Cons tan t -speed  r o t a t i o n  of t he  motor d r i v e  shaf t  w i l l  produce 
o s c i l l a t i n g  motion of t h e  one-way c l u t c h  l i n k .  Thus, f o r  each  r e v o l u t i o n  
of  t h e  motor sha f t ,  t h e  o u t p u t  s h a f t  of t h e  one-way c l u t c h  w i l l  t u r n  
p a r t  of a r e v o l u t i o n .  By v a r y i n g  the  p i v o t  p o i n t  of t he  p i v o t  l i n k ,  
t h e  a n g l e  of r o t a t i o n  of t h e  c l u t c h  output  s h a f t  can  be  i n c r e a s e d  or 
decreased  t o  va ry  t a p e  speed .  
S i l v e r  p e r o x i d e  (Ag202)-coated t a p e  was p u l l e d  through t h e  c u r r e n t  
l c o l l e c t o r  by be ing  wound on a s p o o l ,  T h i s  spoo l  was d r i v e n  by a 
v a r i a b l e  speed  motor th rough a c a l i b r a t e d  to rquemete r .  The amount of 
t o r q u e  r e q u i r e d ,  hence t h e  f o r c e ,  t o  p u l l  t h e  t a p e  through t h e  c u r r e n t  
c o l l e c t o r s  was measured w i t h  v a r i o u s  amounts of normal f o r c e  ( t a p e  
squeeze )  appl ied  and  w i t h  t a p e  speed of 1 i n c h  p e r  m i n u t e .  
The arrangement  shown i n  F i g u r e  1 2  i s  s imi la r  b u t  i s  based on t h e  
I Zerp-Max; a Var iab le  Speed Dr ive  made by the  Zero-Max Company of 
11 
~ Minneapol is ,  Minn. 
I 
With t h e  f o u r - b a r  l i n k a g e  mechanism, one d r i v e  has been c o n s t r u c t e d  
t h a t  u s e s  a s i n g l e  one-way c l u t c h ,  and one d r i v e  has been c o n s t r u c t e d  
t h a t  u s e s  two one-way c l u t c h e s .  I n  t h e  former c a s e ,  t h e r e  w i l l  be one 
d r i v e  s h a f t  "impulse" p e r  motor shaf t  r e v o l u t i o n .  I n  t h e  l a t t e r ,  t he re  
w i l l  be two d r i v e  shaf t  impulses  p e r  motor s h a f t  r e v o l u t i o n .  The 
l a t t e r  has t h e  advantage  of a more cont inuous o u t p u t  s h a f t  mot ion .  
I 3. Cur ren t  C o l l e c t o r s  
a .  F l a t  Cur ren t  C o l l e c t o r  
F i g u r e  13 shows a schemat ic  of t h e  t e s t  s e t -up  f o r  t he  f l a t  c u r r e n t  
c o l l e c t o r .  F i g u r e  1 4  shows how much f o r c e  i s  r e q u i r e d  t o  p u l l  t h e  
t a p e  th rough  f l a t  c u r r e n t  c o l l e c t o r s  having  a c o n t a c t  area one i n c h  
s q u a r e .  Wi th  d r y  t a p e s ,  t he  p u l l  r e q u i r e d  was up t o  5 ounces for 6.5 
ounces of normal l o a d .  For  t he  same normal load ,  a p u l l  of 8 ounces 
was r e q u i r e d  when t h e  t a p e  was wet ted  w i t h  a 30% KOH s o l u t i o n .  T h i s  
i n c r e a s e  i n  r e q u i r e d  p u l l  from d r y  t o  wet i s  b e l i e v e d  t o  be due t o  
v i s c o u s  drag o f  t h e  wetted t a p e .  
b .  R o l l e r  Cur ren t  C o l l e c t o r s  
For  t e s t i n g  r o l l e r  c u r r e n t  c o l l e c t o r s ,  a n  assembly c o n s i s t i n g  of 
g o l d - p l a t e d  brass r o l l e r s  was used .  The des ign  was made s o  t h a t  
v a r i o u s  numbers of rollers up t o  10, and  r o l l e r s  of v a r i o u s  d i ame te r s ,  
from 3/16 i n .  diameter up t o  7/16 i n .  d iameter ,  cou ld  be used .  F i g u r e  
15 i s  a schemat ic  of t h e  r o l l e r  c u r r e n t  c o l l e c t o r  t e s t  s e t  up .  
30 
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Figure 14. Tape Pull v s ,  Normal Load f o r  Flat Current  C o l l e c t o r s  
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T e s t  r e s u l t s  a r e  shown i n  t h e  t h r e e  c h a r t s  i n  F i g u r e  16.  With f i v e  
se t s  of r o l l e r s  (0.315 i n .  d iameter  upper, 0 . 4 4 0  i n .  diameter lower ) ,  
t h e  f o r c e  r e q u i r e d  t o  p u l l  the  t a p e  through i s  about  f o u r  ounces w i t h  
a normal l o a d  of 10 ounces .  R o l l e r  d iameter  seems t o  have no e f f e c t  
on p u l l  f o r c e  and  t h e  number of r o l l e r s ,  f i v e  s e t s  v e r s u s  t e n  s e t s ,  
seems t o  have no e f f e c t  on p u l l  f o r c e .  
A comparison between t h e  f o r c e  r e q u i r e d  t o  p u l l 9  t a p e  through f l a t  
v e r s y s  r o l l e r  c u r r e n t  c o l l e c t o r s ,  then,  shows t h e  fo l lowing :  
(1) A t  6.5-ounce normal load,  t h e  t a p e  p u l l  i s  about  
5 ounces f o r  t h e  f l a t  c o l l e c t o r  v e r s u s  only  2 .5  
ounces f o r  t h e  r o l l e r .  
( 2 )  A t  10-ounce normal load ,  t h e  t a p e  p u l l  i s  abou t  8 ounces 
f o r  t h e  f l a t  and 4 ounces f o r  t h e  r o l l e r .  
I n  o t h e r  words, t h e  p u l l  th rough r o l l e r s  i s  about  h a l f  t h e  p u l l  t h rough  
f l a t  c u r r e n t  c o l l e c t o r s  f o r  dry  t a p e .  
However, r o l l e r  t e s t s  w i t h  wet Ag202 t a p e  were n o t  ve ry  s u c c e s s f u l .  
During these tests,  c u r r e n t  was drawn through t h e  r o l l e r s  u s i n g  a z i n c  
b lock  as  the anode and t h e  upper  r o l l e r s  as t h e  ca thode  c u r r e n t  c o l -  
l e c t o r .  When t h i s  e l e c t r i c a l  o p e r a t i o n  was a t t empted ,  t h e  o u t p u t  
became ve ry  e r r a t i c  because of Ag202 m a t e r i a l  adhe r ing  t o  t h e  r o l l e r s  
c a u s i n g  l o s s  of c o n t a c t .  Even ve ry  h i g h  normal ( s q u e e z e )  l o a d i n g s  up 
t o  5 or 6 pounds were s t i l l  n o t  s u f f i c i e n t  t o  overcome t h i s  l o s s  of  
c o n t a c t  between t h e  t a p e  and the  r o l l e r s  because of adherence  of t he  
m a t e r i a l .  Consequent ly ,  t e s t i n g  w i t h  wet t a p e s  w i t h  t h e  r o l l e r s  has 
been t e r m i n a t e d  u n t i l  h igh  energy t a p e s  a r e  a v a i l a b l e .  
A t  t h i s  t i m e ,  o u r  conc lus ionsconce rn ing  t h e  r o l l e r s  a r e :  
(1) The r o l l e r s  reduce  t ape  p u l l  by approximate ly  50% 
compared w i t h  t h e  f l a t  c u r r e n t  c o l l e c t o r s  ( t h i s  
n e g l e c t s  t h e  f a c t  t h a t  h i g h e r  l oad ings  may be r e -  
q u i r e d  u l t i m a t e l y  w i t h  t h e  r o l l e r s  t o  overcome 
t h e  f o u l i n g  problem. 
8 ounces .  
r o l l e r s  i s  n o t  expected t o  be s i g n i f i c a n t  when a l l  
f a c t o r s ,  i n c l u d i n g  f o u l i n g ,  a r e  c o n s i d e r e d .  
( b )  The f l a t  c o l l e c t o r s  r e q u i r e  a t a p e  p u l l  of about  
A r e d u c t i o n  of  t h i s  f o r c e  by means of 
( c )  The r o l l e r  c o l l e c t o r s  a r e  c o n s i d e r a b l y  more compli-  
c a t e d  and invo lve  more weight  t h a n  t h e  f l a t  c o l l e c t o r s .  
On t h e  basis  of  tes ts  conducted s o  fa r ,  t h e  des ign  of t h e  conve r s ion  
d e v i c e  w i l l  p roceed  w i t h  f l a t  c u r r e n t  c o l l e c t o r s .  
energy t a p e s  show t h a t  r o l l e r  c u r r e n t  c o l l e c t o r s  can  be o p e r a t e d  
I f  t e s t s  w i t h  high 
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Figure 16. Tape Pull VS. Normal Load f o r  Ro l l e r  
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s a t i s f a c t o r i l y ,  t h a t  i s ,  w i t h o u t  l o s s  o f  e f f i c i e n c y  due t o  adherence,  
t h e  u s e  of r o l l e r s  w i l l  be r e - e v a l u a t e d  i n  t h e  l i g h t  of weight  and 
e f f i c i e n c y  . 
I 
4 .  T r i p l e  C e l l  Breadboard Unit  
F i g u r e s  17 and 18 a r e  photographs of a t r i p l e  t a p e  breadboard device  
t h a t  has  been b u i l t .  
spoo.1, which p u l l s  t h e  t a p e  through the  c u r r e n t  c o l l e c t o r s .  
~ 
A s  shown i n  t h e s e  photo  r aphs ,  t h e  motor -  
ope ra t ed ,  doub le -c lu t ch  d r i v e  u n i t  ( F i g u r e  19 t u r n s  a take-up 
a .  Drive Opera t iona l  Check 
T h i s  t e s t  c o n s i s t e d  of o p e r a t i o n  w i t h  t h r e e  dry ,  dummy t a p e s .  Tape 
speed and moto r  c u r r e n t  were measured a t  minimum, i n t e r m e d i a t e ,  and 
maximum speed ad jus tment ,  and w i t h  8 . 6  oz and 3.6 oz o f  weight  on each  
b c u r r e n t  c o l l e c t o r .  The d a t a  taken  a r e  g iven  i n  Table  5 .  
Table  5 
EVALUATION OF TRIPLE-TAPE BREADBOARD 
UNIT W I T H  DRY, DUMMY TAPE 
Tape Curren t  
Speed Speed Motor  Vol tage  Motor Cur ren t  C o l l e c t o r  Weight 
ma oz S e t t i n g  i n .  /min v o l t s  
Max. 1.05 2 -7 41.5 8.6 
In te rmed.  0 .52  2.7 39 8.6 
Min. 0 .28  2 -7 39 8.6 
Max. 1.1 2 -7 
Min. 0.25 2 -7 
- In t e rmed .  - 





(1) t h e  v a r i a b l e  speed device has  a speed range  o f  4 t o  1 
( 2 )  w i t h  unwetted t a p e ,  the  c u r r e n t  d r a i n  was t h e  same 
f o r  b o t h  v a l u e s  o f  normal f o r c e  on t h e  c u r r e n t  
c o l l e c t o r s  
(3 )  t h e  i n p u t  power t o  t h e  motor was 0.108 w a t t s .  
b .  S i n g l e  Tape Check 
Before  o p e r a t i n g  t h e  u n i t  w i t h  t h r e e  a c t i v e  t a p e s ,  a s i n g l e  Ag202 t a p e  
t e s t  was conducted u s i n g  a 35% KOH-wetted s e p a r a t o r  t a p e .  S a t i s f a c t o r y  
o p e r a t i o n  was o b t a i n e d .  
36 
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c .  Tr ip le -Tape  Opera t ion  
A t e s t  was conducted w i t h  th ree  Ag202 t a p e s .  Again, 35% K O H - w e t t e d  
s e p a r a t o r  t a p e s  were u s e d .  With t h e  th ree  t a p e  c e l l s  connected i n  
se r ies ,  t h e  r e s u l t s  were as  shown i n  Table  6 .  
Table  6 
EVALUATION OF TRIPLE-TAPE U N I T  WITH ACTIVATED TAPES 
Motor Tape Load 
Cur ren t  
C o l l e c t o r  
Speed V o l t s  m a  V o l t s  Amps Weight, oz . 
Max 4 45 4.3 0 8.6 
3 -7 40-55 4.1 0 8.6 
In te rmed.  2.8 37-45 3.0 0.35 8.6 
4.1 50 4.4 0 8.6 
Min. 4.1 35-40 4.4 0 8.6 
3 00 35-40 3 -3  3.3 8.6 
These tes ts  show t h a t :  
(1) P a r a s i t i c  o p e r a t i o n  was s u c c e s s f u l l y  ach ieved .  
( 2 )  The v o l t a g e  a c r o s s  t h e  three  t a p e s  was 4.4 v o l t s  a t  
z e r o "  l o a d .  Ac tua l ly ,  a l t h o u g h  t h e  load  was ze ro ,  fl 
40 t o  50 mil l iamps  were s u p p l i e d  t o  t h e  motor, s o  t h e  
4.4 v o l t s  i s  n o t  r e a l l y  t h e  open c i r c u i t  v o l t a g e ,  
which i n a d v e r t e n t l y  was n o t  r e c o r d e d .  
(3 )  Towards t h e  end of t h e  t a p e  run ,  t h e  take-up s p o o l  
f a i l e d .  Because of  inadequate  c o n s t r u c t i o n ,  t h e  
take-up s p o o l  s h a f t  began t o  s l i p  and t h e  t a p e  was 
no l o n g e r  be ing  p u l l e d  through t h e  c u r r e n t  c o l l e c t o r s .  
For t h i s  r eason ,  t h e  t e s t  was concluded u n t i l  a b e t t e r  
s p o o l  cou ld  be made. 
5. O b j e c t i v e s  f o r  Tape Drive 
a .  I n v e s t i g a t e  smaller motors  developing approximate ly  10 o z - i n .  
runn ing  t o r q u e  i n s t e a d  of 30 o z - i n .  
b .  Design, b u i l d  and t e s t  (2) " s t a r t - s t o p "  d e v i c e s  
(1) S p r i n g  motor 
( 2 )  Pr imary o r  secondary b a t t e r y  s t a r t  w i t h  a p p r o p r i a t e  c i r c u i t r y ,  
40. 
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C .  
d .  
e .  
f .  
B .  
I n v e s t i g a t e  l i g h t w e i g h t  v a r i a b l e  speed mechanisms 
(1) A s  p r e s e n t l y  conceived b u t  s u b s t i t u t i n g  m a t e r i a l s  of 
lower s p e c i f i c  weight ,  e t c .  
( 2 )  U s e  a r h e o s t a t  i n  s e r i e s  w i t h  a rmature  of a dc shunt  
motor  f o r  speed c o n t r o l .  
I n v e s t i g a t e  methods and dev ices  f o r  a p p l y i n g  e l e c t r o l y t e  t o  t a p e ,  
B u i l d  a breadboard i n c o r p o r a t i n g  t h e s e  more f a v o r a b l e  r e s u l t s  f rom 
t h e  fo rego ing  i n v e s t i g a t i o n s ,  
S t a r t  component l i f e  t e s t s .  
DEVICE OPTIMIZATION 
S u f f i c i e n t  breadboard t e s t s  have been conducted w i t h  t h e  f i rs t  breadboard 
d e v i c e s  t o  g i v e  s p e c i f i c  i d e a s  f o r  f u t u r e  o p t i m i z a t i o n  of  t h e  conve r s ion  
d e v i c e ,  Some of t h e s e  a r e :  
- M a t e r i a l s  
- M a t e r i a l  t h i c k n e s s e s  
-Required moto r  ou tpu t  t o r q u e  
-De s i r e d  mot o r  e f f i c i e n c y  
- S t a r t - s t o p  d e v i c e  - e l e c t r i c a l  
- S t a r t - s t o p  d e v i c e  - mechanical 
The n e x t  breadboard d e v i c e  w i l l  be assembled i n c o r p o r a t i n g  t h e s e  
r e f i n e m e n t s .  F u r t h e r  t e s t s  w i l l  be  performed w i t h  t h e  new breadboard,  
and c o n c u r r e n t l y ,  s a t e l l i t e  l i f e  tests w i l l  be performed on components, 
41. 
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V .  PHASE 4 - MULTIPLE CELL BATTERY 
I 
A breadboard m u l t i p l e - t a p e  device  was ope ra t ed  t o  e v a l u a t e  t h e  e l e c -  
o p e r a t i o n ,  It d i d  no t  r e p r e s e n t  t h e  optimum des ign  o r  method. 
I t r i c  moto r  and mechanical  components of t h e  conve r s ion  dev ice  and 
, t o  de te rmine  t h e  p resence  of new problems a t t e n d a n t  w i t h  m u l t i - t a p e  
~ 
I n  the p r o c e s s  o f  t h i s  t e s t i n g ,  s u c c e s s f u l  p a r a s i t i c  o p e r a t i o n  f rom 
t h r e e  Ag202 t a p e s  i n  e l e c t r i c a l  s e r i e s  was ach ieved .  i 
. 
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